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1.  INTRODUCTION 

 

A. Purpose 

 

This document specifies best management practices for highway rock cut operations for the 

Colorado Department of Transportation (CDOT) that shall be followed when a Contractor or 

Permittee is proposing to blast. By following these practices, the CDOT Engineer-In-Charge can 

ensure that the Contractor accomplishes the work in a safe manner while preserving scenic, 

aesthetic, and environmental resources. CDOT manages roadways in complex geologic settings 

and steep, mountainous terrain. Operations in these areas require rock excavation, slope 

stabilization, and rock fall mitigation before the safe and desired roadway can be achieved. This 

document will provide a reference for the selection, design, evaluation, and aesthetic construction 

of rock slopes. Prior to blasting, the Contractor shall submit a written blast plan to the Engineer 

for conditional approval. Post approval of the blast plan, a pre-blast meeting will be held and 

attended by the Engineer, the Contractor, the Project Blaster(s)-In-Charge, and representatives of 

all interested parties so that the proposed blasting operations may be discussed. Final approval to 

blast will be granted based upon the results of the meeting. Tests blasts may be required and may 

result in modifications to the blasting plan. All highway rock cut operation blasts will be 

documented by the Engineer using the Blasting Report Form.  

 

B.  General 

 

Blasters in the State of Colorado are required to possess a valid Colorado Department of Labor 

and Employment (CDLE) Division of Oil and Public Safety issued Explosives Permit. A permit 

issued by the Division is required for the use, manufacture, purchase, possession, sale, storage, 

transportation, and disposal of explosive materials in the State of Colorado by any individual 

corporation, firm, partnership, associate, or state or local government agency.   

 

The Contractor shall utilize controlled blasting techniques for all excavations to reduce overbreak 

and control slope contour. All blasting operations shall be conducted in a skillful  manner so as 

not to cause injury, damage property, adversely affect traffic, or cause the 

migration/accumulation of noxious gases, and ensure the safety of employees, CDOT personnel, 

adjacent properties, and the public.  

 

Each Certifi ed Blaster is required to report to CDOT any unusual incident or event that occurs 

during the blasting operations. They are also required to report any instances of premature 

detonation, damage from air blast, damage from excessive ground vibration, or instances of fly 

rock. Damage must be reported even when it is alleged and/or the complaint is made after 

substantial lapse of time. All damages resulting from rock excavation or rock over-excavation 

operations shall be repaired and items replaced to the satisfaction of the Engineer, at the 

Contractorôs expense. 

 

Note that mine adits may be encountered during rock excavation. Refer to the Geotechnical 

Report for the project for more information.  
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C. Definitions 
 
Active Status ï the status of a valid Type I permit when the permittee is authorized to possess and 
control explosives by a Type II permittee. (7 C.C.R. 1101-9) 
 
Aesthetically Pleasing ï a natural roughness angle that preserves the scenic geology by 
highlighting natural and pre-existing fractures, bedding planes, joints, and roughness of the rock 
slope.  
 
Aesthetic Contour Blasting ï an aesthetically pleasing, safe, and economical method of blasting 
in which the actual profile of the road cut is as close as possible to the project profile with 
preservation of the surrounding rock.  
 

Air  Overpressure ï The airborne shockwave or acoustic transient generated by an explosive. 

 (7 C.C.R. 1101-9) 

 

Ammonium Nitrate  ï the ammonium salt of nitric acid represented by the formula NH4NO3. (7 

C.C.R. 1101-9) 

 

ANFO ï A blasting agent composed primarily of ammonium nitrate and fuel oil. (7 C.C.R. 1101-

9) 

 

Approved Storage Facility (Approved Magazine) ï A facility for the storage of explosive 

materials conforming to the requirements of Federal and State rules and regulations. (7 C.C.R. 

1101-9) 

 

Attend(ed) ï The physical presence of an authorized person within the field of vision of explosive 

or the use of explosives. (7 C.C.R. 1101-9) 

 

Authorized, Approved, or Approval  ï Terms which mean approved, approval, or authorized by 

the Division of Oil and Public Safety of the Colorado Department of Labor and Employment. (7 

C.C.R. 1101-9) 

 

Authorized Person ï A person approved or assigned by management to perform a specific type of 

duty or duties to be at a specific location or locations at the job site. (7 C.C.R. 1101-9) 

 

Armed Charge ï An explosive cartridge that contains a detonator. (7 C.C.R. 1101-9) 

 

Artific ial Barricade ï An artificial mound, berm, or wall of earth of a minimum thickness of 3 

feet or any other approved barricade that offers equivalent protection. (7 C.C.R. 1101-9) 

 

Backbreak ï Rock broken beyond the limits of the last row of holes in a blast, synonymous with 

overbreak.  
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Barricaded ï the effective screening of a building or magazine containing explosive materials 

from another magazine or building, railway, highway by a natural or artificial barrier. A straight 

line from the top of any sidewall of the building or magazine containing explosives materials to the 

eave line of any magazine or building or to a point 12 feet above the center or a railway or 

highway shall pass through the barrier. (7 C.C.R. 1101-9) 

 

Base Charge ï The main explosive charge in the base of a detonator or a heavy charge at the 

base of a column of presplit powder. (7 C.C.R. 1101-9) 

 

Battered Production Holes ï The row of production holes closest to presplit line, drilled at the 

same angle as the presplit holes. 

 

Bench ï A horizontal ledge from which holes are drilled downward into the material to be blasted.  

 

Binary (two-component) Explosive ï A blasting explosive formed by the mixing or 

combining of 2 plosphoric materials (e.g. ammonium nitrate and nitromethane. (7 C.C.R. 

1101-9) 

 

Black Powder ï A deflagrating or low explosive compound of an intimate mixture of sulfur, 

charcoal, and an alkali nitrate (usually potassium or sodium nitrate). (7 C.C.R. 1101-9) 

 

Blast Area ï Area of the blast within the influence of flying rock missiles, gases, vibration, and 

concussion. (7 C.C.R. 1101-9) 

 

Blaster ï A Type I permitted individual who is permitted by the Division to possess and control 

the use of explosives. (7 C.C.R. 1101-9) 

 

Blast Plan ï A written procedure that details the methods and manner by which a Project blaster 

will  comply with pertinent laws, rules, regulations, and contract documents. The plan should 

show the details for a typical blast with the understanding that minor modifications in the field 

will  be allowed. Significant changes to the blasting operations will  require that a new blast plan be 

submitted for approval. When deemed necessary by the Engineer, approved blast plans will be 

required for each individual shot. 

 

Blaster-in-Charge ï A Type I permittee who is in charge of and responsible for the loading or 

preparing of the explosive charges, and either physically initiates the charge or is physically 

present when the charge is initiated at a specific job site. The individual is in charge of the 

planning of the blast at a specific job site, the supervision of all persons assisting on the blast 

and all persons training, and is responsible for the inventory, inventory records, and blast 

records for the blast.  (7 C.C.R. 1101-9) 

 

Blasting Agent ï An explosive material, which meets prescribed criteria for insensitivity to 

initiation.  

For storage, a blasting agent is defined as any material or mixture consisting of fuel and oxidizer 

intended for blasting, not otherwise defined as explosive provided that the finished product, as 
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mixed for use or shipment, cannot be detonated by means of a No. 8 Blasting Cap when 

unconfined. (Bureau of Alcohol, Tobacco, Firearms, and Explosives Regulations) 

 

Blasting Galvanometer  ï An electrical resistance instrument designed specifically for testing 

electrical continuity of electric detonators and circuits containing them.  (7 C.C.R. 1101-9) 

 

Blasting Mat ï A mat of woven steel, rope, wire, scrap tires, or other suitable material or 

construction to cover blastholes for the purpose of preventing flying rock missiles. (7 C.C.R. 1101-

9) 

 

Blat Pattern, Drill Pattern  ï the plan of the drill holes laid out for blasting; an expression of the 

burden distance and their relationship to each other. (7 C.C.R. 1101-9) 

 

Blasting Site ï Area where explosive material is handled during blasting operation, including the 

perimeter of blast hole and a distance of 50 feet in all directions from explosive charges, loaded 

boreholes or boreholes to be loaded.  

 

Blasting Vibrations ï The energy from a blast that manifests itself  in the form of vibrations, 

which are transmitted through the earth away from the immediate blast area. 

 

Booster  ï An explosive charge, usually of high detonation velocity and detonation pressure, 

designed to be used in the explosive initiation sequence between an initiator or primer and the 

main charge. (7 C.C.R. 1101-9) 

 

Borehole, Blast Hole, Drill Hole ï a hole drilled in the material to be blasted, for the purpose of 

containing an explosive charge. (7 C.C.R. 1101-9) 

 

Bulk Mix  ï a mass of explosive material prepared for use in bulk form without packaging. (7 

C.C.R. 1101-9) 

 

Bulk Mix Delivery Equipment  ï Equipment (usually a motor vehicle with or without mechanical 

delivery device), which transports explosive material in bulk form for mixing and/or loading 

directly into blast holes. (7 C.C.R. 1101-9) 

 

Bullet Resistant ï Magazine walls or doors of construction resistant to penetration of a bullet of 

150-grain M2 ball ammunition having a nominal muzzle velocity of 2,700 feet per second fired 

from a .30 caliber rifle from a distance of 100 feet perpendicular to the wall or door. 

When a magazine ceiling or roof is required to be bullet resistant, the ceiling or roof shall be 

constructed of materials comparable to the side walls or of other materials which will withstand 

penetration of the bullet described above when fired at an angle of 45 degrees from perpendicular. 

Tests to determined bullet resistance shall be conducted on test panels or empty magazines which 

shall resist penetration of 5 out of 5 shots placed independently of each other in an area of at least 

3 feet by 3 feet. (7 C.C.R. 1101-9) 

 

Bullet-Sensitive Explosive Materials ï Explosive material that can be detonated by a 150 grain 

M2 ball ammunition having a nominal muzzle velocity of 2,700 feet per second when the bullet is 
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fired from a .30 caliber rifle at a distance of not more than 100 feet and the test material, at a 

temperature of 70-75 degrees Fahrenheit, is placed against a backing material of 2-inch steel plate. 

(7 C.C.R. 1101-9)  

 

Bulk Strength ï The strength per unit volume of an explosive calculated from its weight 

strength and density. (7 C.C.R. 1101-9) 

 

Burden ï The distance from the borehole to the nearest free face, or the distance between 

boreholes measured perpendicular to the spacing. Also, the total amount to be blasted by a given 

hole, which is usually measured in cubic yards or tons. (7 C.C.R. 1101-9) 

 

Bus Wire ï Expendable heavy gauge bare copper wire used to connect detonators or series of 

detonators in parallel. (7 C.C.R. 1101-9) 

 

Charge-Per-Delay ï Any charges firing within any 8-millisecond time period are considered to 

have a cumulative effect on vibration and air over-overpressure effects. Therefore, the maximum 

charger-per-delay (w) is the maximum weight of all charges firing within any 8-millisecond time 

period from the time a blast starts until the time it ends. For example, if two 10-lb charges fire at 

100 ms and one 15-lb charge fires at 105 ms, the maximum charge-per-delay (w) for this time 

period would be 35 lbs.  (7 C.C.R. 1101-9) 

 

Collar ï The mouth or opening of a borehole. (7 C.C.R. 1101-9) 

 

Column Charge ï A long, continuous, unbroken column of explosives in a blasthole. (7 C.C.R. 

1101-9) 

 

Connecting Wire ï Wire used to extend the firing line or leg wires in the electric blasting circuit. 

(7 C.C.R. 1101-9) 

 

Continuity  Check (Cir cuit)  ï A determination that an initiation system is continuous and 

contains no breaks or improper connections that could cause stoppage or failure of an ignition 

system.  For an electric initiation system, the check is performed both visually and by using a 

blasting galvanometer or other device.  For a non-electric initiation system, the check can only be 

done visually. (7 C.C.R. 1101-9) 

 

Control ï To directly exercise authority, dominating influence over the use, manufacture, 

acquisition, purchase, sale, distribution, storage, transportation, or disposal of explosive materials.  

(7 C.C.R. 1101-9) 

 

Cushion Blasting ï A method of rock excavation - cushion blast holes are blasted after 

production blasts. Larger drill hole are used with small diameter, and are lightly loaded. The space 

around the explosive(s) is filled with crushed rock to cushion the explosive force. 

 

Day Box ï A portable magazine for the temporary and attended storage of explosives. Day boxes 

shall meet construction requirements of a Type 3 magazine. (7 C.C.R. 1101-9) 
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Dealer ï Any person engaged in the business of distributing explosive material at wholesale or 

retail value. (7 C.C.R. 1101-9) 

 

Deck ï An explosive charge that is separated from other charges in the blast hole by stemming or 

an air cushion.  

 

Deflagration ï An explosive reaction such as a rapid combustion that moves through an explosive 

material at a velocity less than the speed of sound in the material. (7 C.C.R. 1101-9) 

 

Delay Blasting ï The practice of initiating individual explosive decks, boreholes, or rows of 

boreholes at predetermined time intervals using delay detonators, or other delaying methods, as 

compared to instantaneous blasting where all  holes are fired essentially at the same time. (7 C.C.R. 

1101-9) 

 

Delay Detonator ï An electric or nonelectric detonator used to introduce a predetermined lapse 

of time between the application of a firing signal and the detonation of a charge. (7 C.C.R. 1101-9) 

 

Design Rock Slope ï A cut slope in rock constructed at the angle and location specified in the 

contract plans.  Presplit blasting is usually used to construct the slope so that the finished slope is 

stable and free from significant rock hazards. (7 C.C.R. 1101-9) 

 

Detonating Cord ï A flexible cord containing a center core of high explosives, which may be 

used to initiate other high explosives. (7 C.C.R. 1101-9) 

 

Detonation ï An explosive reaction that moves through an explosive material at a velocity 

greater than the speed of sound in the material. (7 C.C.R. 1101-9) 

 

Detonator ï Any device containing an initiating or primary explosive that is used for initiating 

detonation in another explosive material. A detonator may not contain more than 10 grams of total 

explosive by weight, excluding ignition or delay charges. The term includes, but is not limited to, 

electric blasting caps of instantaneous and delay types, electronic detonators, blasting caps for use 

with safety fuses, detonating cord delay connectors, and nonelectric instantaneous and delay 

blasting caps which use detonating cord, shock tube, or any other replacement for electric leg 

wires. (7 C.C.R. 1101-9) 

 

Division ï The Director of the Division of Oil and Public Safety of the Department of Labor and 

Employment or any designees thereof which may include certain employees of the Division of Oil 

and Public Safety or other persons. (7 C.C.R. 1101-9) 

 

Down Line ï a line of detonating cord or plastic tubing in a blast hole which transmits detonation 

from the trunkline or surface delay system down the hole to the primer.  

 

Dynamite ï A high explosive used for blasting, consisting essentially of a mixture of, but not 

limited to nitroglycerin, nitrocellulose, ammonium nitrate, sodium nitrate, and carbonaceous 

materials.



 

7 
 

Electr ic Blasting Circuit  ï An electric circuit containing electric detonators and associated 

wiring. 

 

Electr ic Detonators ï A detonator designed for, and capable of, initiation by means of an 

electric current. (7 C.C.R. 1101-9) 

 

Electronic Detonators ï A detonator that utilizes stored electrical energy as a means of powering 

an electronic timing delay element/module and that provides initiation energy for firing the base 

charge. (7 C.C.R. 1101-9) 

 

Emulsion ï An explosive material containing substantial amounts of oxidizer dissolved in water 

droplets, surrounded by an immiscible fuel; or droplets of an immiscible fuel surrounded by 

water containing substantial amounts of oxidizer. (7 C.C.R. 1101-9) 

 

Explosion ï A chemical reaction involving an extremely rapid expansion of gases usually 

associated with the liberation of heat. (7 C.C.R. 1101-9) 

 

Explosive ï Any chemical compound, mixture, or device, the primary or common purpose of 

which is to function by explosion. (7 C.C.R. 1101-9) 

 

Explosive Materials ï These include explosives, blasting agents, and detonators.   The term 

includes, but is not limited to, dynamite and other high explosives; slurries, emulsions, and water 

gels; black powder and pellet powder; initiating explosives; detonators (blasting caps); and 

detonating cord. (7 C.C.R. 1101-9) 

 

Explosive Oils ï Liquid explosive sensitizers for explosive materials (.e.g., nitroglycerin, ethylene 

glycol dinitrate and metriol trinitrate). (7 C.C.R. 1101-9) 

 

Extr a (Ammonia) Dynamite ï dynamite in which part of the nitroglycerin is replaced by 

ammonium nitrate in sufficient quantity to result in the same weight strength. 

 

Extr aneous Electr icity  ï Electrical energy, other than actual fi ring current or the test current 

from a blasting galvanometer, that is present at a blast site and that could enter an electric 

blasting circuit.  It includes stray current, static electricity, electromagnetic waves, and time- 

varying electric and magnetic fields. 

 

Fire Extinguisher Rating ï A rating set forth in the National Fire Code which may be identified 

on an extinguisher by a number (5, 20, 70, etc.) indicating relative effectiveness, followed by a 

letter (A, B, C, etc.) indicating the class or classes of fires for which the extinguisher has been 

found to be effective. (7 C.C.R. 1101-9) 

 

Fire-Resistant ï Construction designed to provide reasonable protection against fire. For exterior 

walls or magazine constructed of wood, this shall mean fire resistance equivalency provided by 

sheet metal of not less than #26 gauge. (7 C.C.R. 1101-9) 

 

Flyrock ï Rocks propelled from the blast area by the force of an explosion. (7 C.C.R. 1101-9) 
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Fragmentation ï The breaking of a solid mass into pieces by blasting. (7 C.C.R. 1101-9) 

 

Free Face ï A rock surface exposed to air or water which provides room for expansion upon 

fragmentation.  Sometimes called open face. (7 C.C.R. 1101-9) 

 

Fuse (Safety) ï A flexible cord containing an internal burning medium by which fire or flame is 

conveyed at a continuous and uniform rate from the point of ignition to a cut end. A fuse detonator 

is usually attached to that end, although safety fuse may be used without a detonator to ignite 

material such as deflagrating explosives. (7 C.C.R. 1101-9) 

 

Fuse Detonator, Blasting Cap ï A detonator which is initiated by a safety fuse or used in an 

avalauncher round; also referred to as an ordinary blasting cap. Also see detonator. (7 C.C.R. 

1101-9) 

 

Fuse Lighters ï Pyrotechnic devices for the rapid and certain lighting of safety fuse. (7 C.C.R. 

1101-9) 

 

Fuel ï A substance, which may react with oxygen to produce combustion. (7 C.C.R. 1101-9) 

 

Fumes ï The gaseous products of an explosion.   For the purpose of determining the fume 

classification of explosive material, only poisonous or toxic gases are considered. (7 C.C.R. 1101-

9) 

 

Gelatin  Dynamite ï A type of highly water resistant dynamite characterized by its gelatinous or 

plastic consistency. 

 

Geology ï A description of the types and arrangement of rock in an area; the description usually 

includes the bedding dip and strike, the type and extent of pre-existing breaks in the rock, and the 

hardness and massiveness of the rock, as these affect blast design.  

 

Grains ï A weight measurement where 7000 grains are equivalent to 1 lb. (0.45 kg). (7 C.C.R. 

1101-9) 

 

Ground Vibration ï Shaking the ground by elastic waves emanating from a blast.   Usually 

measured in in/s (mm/s) of particle velocity. (7 C.C.R. 1101-9) 

 

Hardwood ï Red Oak, White Oak, Hard Maple, Ash, or Hickory, free from loose knots, wind  

shakes, or similar defects. (7 C.C.R. 1101-9 

 

High Explosives ï Explosives which are characterized by a very high rate of reaction, high 

pressure development and the presence of a detonation wave, including, but not limited to, 

dynamite, detonating cord, cast boosters, detonators, cap-sensitive slurry, emulsion, or water gels, 

and mixed binaries. (7 C.C.R. 1101-9)
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Horizontal Dril ling ï A method of rock excavation where larger diameter, closely spaced, lightly 

loaded horizontal borings are used for production style blasting. Used in massive rock to eliminate 

drill hole or in areas of poor access.  

 

Inactive Status ï The status of a valid Type I permit when the Type I permittee is no longer 

authorized to possess and control explosives by a Type II permittee. (7 C.C.R. 1101-9) 

 

Inhabited Area or Building  ï A building regularly occupied in whole or in part as a habitation 

for human beings, or any church, schoolhouse, railroad station, store, or other structure where 

people are accustomed to assemble, except any building or structure occupied in connection with 

the manufacture, transportation, storage, and use of explosive materials. (7 C.C.R. 1101-9) 

 

Inspector ï An Inspector of the Division. (7 C.C.R. 1101-9) 

 

Initiation ï The start of deflagration or detonation in an explosive material. (7 C.C.R. 1101-9) 

 

Initiation System ï Combination of explosive devices and accessories (detonators, wire, cord, 

etc.) designed to convey a signal and initiate an explosive charge. (7 C.C.R. 1101-9) 

 

Lawful Possessor ï A Type II permittee who has legally purchased or acquired explosive 

materials. (7 C.C.R. 1101-9) 

 

Li ft ï The vertical thickness of rock fragmented from a single blast. 

 

Loading ï Placing explosive material in a blast hole or against the material to be blasted. 

 

Loading Density ï The weight of explosive loaded per unit length of borehole occupied 

by the explosive, expressed as lbs/ft (kg/m) of borehole. 

 

Loading Li mits ï The maximum quantity of explosives allowed per delay period as specified by 

the Standard Specifications. (7 C.C.R. 1101-9) 

 

Loading Pole ï A nonmetallic pole used to assist in placing and compacting explosives charges 

in boreholes.  

 

Low Explosives ï Explosives which are characterized by deflagration or low rate of reaction and 

the development of low pressure. (7 C.C.R. 1101-9) 

 

Magazine ï  Any building, structure, or container approved for the storage of explosives 

materials. (7 C.C.R. 1101-9) 

 

Magazine Distance ï Shall mean the minimum distance permitted between any two storage 

magazines which is expected to prevent propagation of an explosion from one magazine to another 

from a blast. (7 C.C.R. 1101-9) 
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Manufacturer  ï Any individual, corporation, company, firm, partnership, association, or state or 

local government agency engaged in the business. (7 C.C.R. 1101-9) 

  

Mass Detonation - When a unit or any part or quantity of explosive material explodes and causes 

all or a substantial part of the remaining material to detonate or explode. (7 C.C.R. 1101-9) 

 

Maximum Particle Velocity ï The maximum velocity at which the ground surface moves as a 

wave passes under it.  The customary practice is to apply vibration limits to the peak particle 

velocity of the largest single component on the seismograph. (7 C.C.R. 1101-9) 

 

Misfire ï A blast that fails to detonate completely after an attempt at initiation. This term is also 

used to describe the explosive material itself that has failed to detonate as planned. (7 C.C.R. 

1101-9) 
 

Muckpile ï The pile of broken material resulting from a blast. (7 C.C.R. 1101-9) 

 

Natural Barricade ï Natural features of the ground, such as hills, or timber of sufficient density 

that the surrounding exposures which require protection cannot be seen from the magazine when 

the trees are bare of leaves. (7 C.C.R. 1101-9) 

 

Nit roglycerin ï An explosive chemical compound used as a sensitizer in dynamite. 

 

Non-Electr ic Detonator ï A detonator that does not require the use of electric energy to function. 

(7 C.C.R. 1101-9) 

 

Non- Sparking Metal ï A metal that will  not produce a spark when struck with other tools, 

rock, or hard surface. (7 C.C.R. 1101-9) 

 

Overburden ï Material of any nature laying on top of the rock that is to be blasted.  

 

Oxidizer or Oxidizing  Material  ï A substance, such as nitrite, that readily yields oxygen or other 

oxidizing substances to promote the combustion of organic matter or other fuel. (7 C.C.R. 1101-9) 

 

Particle Board ï A composition board made of small pieces of wood that have been bonded 

together. (7 C.C.R. 1101-9) 

 

Particle Velocity - The velocity at which the ground surface moves as a wave passes under it. (7 

C.C.R. 1101-9) 

 

Permanent Storage Materials ï Type 1 magazines or Type 2, Type 4, or Type 5 magazines that 

have been at the same location for longer than 90 days. (7 C.C.R. 1101-9) 

 

Permittee ï Any user, purchaser, manufacturer, dealer, storer, disposer, or transporter of 

explosives for a lawful purpose, who has obtained a permit from the Division. (7 C.C.R. 1101-9) 
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Person ï Any individual, corporation, company, firm, partnership, association, or state or local 

government agency. (7 C.C.R. 1101-9) 

 

PETN ï An abbreviation for the name of the high explosive pentaerythritol tetranitrate. 

 

Placards ï Division of Transportation Approved Title 49 CFR signs placed on vehicles 

transporting hazardous materials (including explosive materials) indicating the nature of the cargo. 

(7 C.C.R. 1101-9) 

 

Plywood ï Exterior construction-grade plywood. (7 C.C.R. 1101-9) 

 

Possess ï The physical possession of explosives on oneôs person, or in the personôs vehicle, 

magazine or building. (7 C.C.R. 1101-9) 

 

Powder ï A common synonym for explosive materials. (7 C.C.R. 1101-9) 

 

Powder Factor ï The amount of explosives used per unit of blasted material. (7 C.C.R. 1101-9) 

 

Pre-blast Survey ï A documentation of the preexisting condition of structures near an area where 

blasting is to be conducted. 

 

Presplitting ï A blasting method in which cracks for the final contour or payline are created by 

fi ring a single row of holes containing light, well  distributed charges, prior to the initiation of the 

remaining holes in the blast pattern. 

 

Prilled Ammonium Nit rate ï Ammonium nitrate in a pelleted or prilled form. (7 C.C.R. 1101-9) 

 

Primer ï A unit, package, or cartridge of explosives used to initiate other explosives or blasting 

agents, which contains either a detonator or a detonating cord to which a detonator designed to initiate 

the detonating cord is attached. (7 C.C.R. 1101-9) 

 

Production Blasting ï A blasting method whose sole purpose is to fragment the rock. 

 

Propagation ï The detonation of an explosive charge by an impulse received from an adjacent 

or nearby explosive charge. (7 C.C.R. 1101-9) 

 

Propellant/Powder-Actuated Power Device ï Any tool or special mechanized device or gas 

generator system which is actuated by a propellant or which releases and directs work through a 

propellant charge. (7 C.C.R. 1101-9) 

 

Public Conveyance ï Any railroad car, streetcar, ferry, cab, bus, aircraft, or other vehicle carrying 

passengers for hire. (7 C.C.R. 1101-9) 

 

Public Highway ï Shall mean any public street, alley, or road. (7 C.C.R. 1101-9) 
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Public Highway Distance ï Shall mean the minimum distance permitted between a public 

highway and an explosives magazine. (7 C.C.R. 1101-9) 

 

Public Place ï A place which the public or a substantial number of the public has access, and 

includes but is not limited to, highways, transportation facilities, schools, places of amusement, 

parks, playgrounds, and the common areas of public and private buildings and facilities. (7 C.C.R. 

1101-9) 

 

Purchaser ï A Type II permittee who acquires explosives. (7 C.C.R. 1101-9) 

 

Pyrotechnics, Fireworks ï Any combustible or explosive compositions or manufactured articles 

designed and prepared for the purpose of producing audible or visible effects. (7 C.C.R. 1101-9) 

 

Railway ï Any steam, electric, or other type of railroad or railway. (7 C.C.R. 1101-9) 

 

Relief ï The effective distance from a blast hole to the nearest free face (synonymous with 

burden). 

 

Responsible Person ï A Type I permitted individual who is directly responsible for a Type II 

permitteeôs compliance with the provisions of the Explosives Act, 9-7, C.R.S., and any rules and 

regulations promulgated thereunder. (7 C.C.R. 1101-9) 

 

Ripping ï A method of rock excavation where a tractor with an attached tooth are teeth is 

lowered into the rock and then dragged to break up the material for excavation.  

 

Round ï A group of boreholes fired or intended to be fired in a continuous sequence. 

 

Safety Fuse ï A flexible cord containing an internal burning medium by which fire or flame is 

conveyed at a continuous and uniform rate from the point of ignition to a cut end. A fuse detonator 

is usually attached to that end, although safety fuse may be used without a detonator to ignite 

material such as deflagrating explosives. (7 C.C.R. 1101-9) 

 

Scale Distance (DS) ï A factor relating similar blast effects from various weight charges of 

explosive material at various distances. Scaled Distance is obtained by dividing the distance of 

concern by a fractional power of the charge weight per delay of the explosive materials. (7 C.C.R. 

1101-9) 

 

Secondary Blasting ï Blasting to reduce the size of boulders resulting from a primary blast. (7 

C.C.R. 1101-9) 

 

Secured Storage ï An area which is protected from weather and is theft-resistant and in 

compliance with the uniform fire code. (7 C.C.R. 1101-9) 
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Seismograph ï An instrument which records ground vibrations generated by blasting operations. 

Particle   velocity   displacement   is   generally   measured   and   recorded   in   three   mutually 

perpendicular directions. (7 C.C.R. 1101-9) 

 

Semi-Conductive Hose ï A hose used for pneumatic conveying of explosive materials, having an 

electrical resistance high enough to limit flow of stray electric currents to safe levels yet not so 

high as to prevent drainage of static electric charges to ground. A hose of not more than 2 mega 

ohms resistance over its entire length and of not less than 1,000 ohms per foot (3280 ohms per 

meter) meets this requirement. 

 

Sensitivity ï A physical characteristic of an explosive material classifying its ability to be 

initiated upon receiving an external impulse such as impact, shock, flame, friction, or other 

influence which can cause detonation. (7 C.C.R. 1101-9) 

 

Shall ï Means that the rule establishes a minimum standard which is mandatory. (7 C.C.R. 1101-

9) 

 

Shaped Charges ï An explosive with a shaped cavity specifi cally designed to produce a high 

velocity cutting or piercing jet of product reaction; usually lined with metal to create a jet of 

molten liner material.   They are generally used to cut steel members during superstructure 

demolition. (7 C.C.R. 1101-9) 

 

Shock Tube ï A small diameter plastic tube used for initiating detonators. It contains only a 

limited amount of reactive material so that the energy that is transmitted through the tube by 

means of a detonation wave is guided through and confined within the walls of the tube. (7 C.C.R. 

1101-9) 

 

Short Delay Blasting ï The practice of detonating blastholes in successive intervals where the 

time distance between any two successive detonations is measured in milliseconds. (7 C.C.R. 

1101-9) 

 

Site ï Area where active blasting is taking place or the location of explosives storage magazines. 

(7 C.C.R. 1101-9) 

 

Slurr y/ W a te r  Ge l  ï An explosive material containing substantial portion of a liquid, 

oxidizers, and fuel, plus a thickener. (7 C.C.R. 1101-9) 

 

Small Arms Ammunition  ï Any cartridge for a shotgun, rifle, pistol, or revolver, and cartridges 

for propellant-actuated power device and industrial guns. Military-type ammunition containing 

explosive bursting charges, or any incendiary, tracer, spotting, or pyrotechnic projectile is 

excluded from this definition. (7 C.C.R. 1101-9) 

 

Smooth Blasting ï A rock excavation method - smooth blast holes are blasted after production 

blasts. The hole diameters are small with close spacing, and lightly loaded with distributed 

charges.  
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Softwood ï Douglas Fir, or other wood of equal bullet-resistance, free of loose knots, wind 

shakes, or similar defects. (7 C.C.R. 1101-9) 

 

Spacing ï The distance between boreholes. In bench blasting, the distance is measured parallel to 

the free face and perpendicular to the burden. (7 C.C.R. 1101-9) 

 

Static Electricity  ï Electric charge at rest on a person or object. It is most often produced by the 

contact and separation of dissimilar insulating materials. (7 C.C.R. 1101-9) 

 

Steel ï General purpose (hot or cold rolled) low carbon steel, such as specification ASTM A366 or 

equivalent. (7 C.C.R. 1101-9) 

 

Stemming ï Inert material placed in a borehole on top of or between separate charges.  Used for 

the purpose of confining explosive gases or to physically separate charges of explosive material 

in the same borehole. (7 C.C.R. 1101-9) 

 

Step Drilling  ï A rock excavation method. Larger diameter drill holes are drilled vertically. and 

used as production blasting (although spaced closer and loaded light to minimize radial fractures). 

A slope face is formed along the base of the blast holes.  

 

Storage ï The safekeeping of explosives in unattended magazines. (7 C.C.R. 1101-9) 

 

Subdr illing ï The practice of drilling boreholes below floor level or working elevation to insure 

breakage of rock to working elevation. 

 

Sympathetic Detonation ï The detonation of an explosive material as the result of receiving an 

impulse from another detonation through air, earth, or water.   Synonymous with sympathetic 

propagation. (7 C.C.R. 1101-9) 

 

Tamping ï The action of compacting the explosive charge or the stemming in a blasthole. 

Sometimes refers to the stemming material itself. (7 C.C.R. 1101-9) 

 

Temporary Storage Magazine ï A Type 1, Type 2, Type 4, or Type 5 magazine that is at a 

location for a period not to exceed ninety (90) days. (7 C.C.R. 1101-9) 

 

Theft-Resistant ï Construction designed to deter illegal entry into facilities used for the storage of 

explosive materials. (7 C.C.R. 1101-9) 

 

Transportation  ï The conveyance or carrying of explosives from one place to another by means 

of a motorized vehicle or device. (7 C.C.R. 1101-9) 

 

Type I Explosives Permit ï A permit issued by the Division to individuals who possess and 

control explosive materials during the use, manufacture, acquisition, purchase, sale, distribution, 

storage, transportation, or disposal of explosives materials. (7 C.C.R. 1101-9) 
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Type II Explosives Permit ï A permit issued by the Division to corporations, companies, 

partnerships, firms, individuals operating a business, associations, or state or local government 

agencies involved in the use, purchase, sale, manufacture, transportation, acquisition, distribution 

or disposal of explosives materials. (7 C.C.R. 1101-9) 

 

Type III Explosives Permit ï A permit issued by the Division to corporations, companies, 

partnerships, firms, individuals operating a business, associations, or state or local government 

agencies for the storage of explosives in approved magazines. (7 C.C.R. 1101-9) 

 

Warning Signal ï An audible signal which is used for warning personnel in the vicinity of the 

blast area of the impending explosion. (7 C.C.R. 1101-9) 

 

Water  Gel ï An explosive material containing substantial portions of water, oxidizers, and fuel, 

plus a cross-linking agent. (7 C.C.R. 1101-9) 

 

Water  Resistance ï The ability of an explosive to withstand the desensitizing effect of water 

penetration. (7 C.C.R. 1101-9) 

 

Weather Resistant ï Construction designed to offer reasonable protection against weather. (7 

C.C.R. 1101-9) 

 

Weight Strength ï The energy of an explosive material per unit of weight. (7 C.C.R. 1101-9)
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D. Units 
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2.  ENGINEERING DESIGN PROCEDURES FOR CDOT ROAD CUT BLASTING  

 

A. Percent Aesthetic Enhancement (PAE) 

 

CDOT is currently looking to establish a Visual Resources Program that will objectively measure, 

following standard methodology, the visual impacts of transportation projects to meet legal 

requirements and regulations, while maintaining and improving the scenic quality of the State of 

Colorado. The main reference for such evaluation is the 2015 FHWA Guidelines for the Visual 

Impact Assessment of Highway Projects1 which establish national standards for the establishment, 

inventory, analysis and mitigation of visual resources. Based on these guidelines, the present 

section 2 will focus on the development of a ñmeasurable aesthetic criteriaò and recommended 

blast design as part as the mitigation phase. The overall goal is to avoid, minimize, and compensate 

for significant adverse visual impacts associated with a transportation project and identify 

opportunities for enhancing visual quality. In general, the blast design will be always affected by 

the Area of Visual Effect (AVE), therefore a Visual Impact Assessment (VIA) shall be conducted 

in advance according to FHWA-HEP-15-029 and FHWA-CFL/TD/11-002.  

 

Notes: 

1. The content of this section only applies when VIA is required and conducted for the 

particular project. 

2. The content of this section only considers the engineering procedures for the aesthetic 

design of the final face, hence it does not cover any of aspect regarding production blasting. 

 

Many of the existing excavation methods use blasting techniques that were originally developed for 

use by the mining industry and were mainly focused on maximum rock excavation and rapid 

production with little attention to environmental protection or the aesthetic impacts of the final cut. 

For this reason, State DOTs often struggle in designing a safe rock slope that does not appear over-

engineered and seems to fit within the project setting. An ñaesthetically pleasingò cut slope often 

becomes a relative term that depends on the individual, therefore we must attempt to make the 

aesthetic criteria deterministic, rational, biddable, and constructible. In order to achieve this goal, it 

is critical to determine what measurable physical characteristics will be used in construction as 

acceptance criteria.  

 

The first step for determining these physical parameters is to establish the visual prioritization. In 

general, the significant visual impacts will be dependent on the vehicleôs viewshed, thus the 

designer must consider a short range perspective and a long range perspective. For the short range, 

the main aesthetic priority must be the textural enhancements such as ledges, slope roughening, 

planting pockets, or boulder salvage. For the long range, the main priority becomes the slope 

variations and grading features.  

 

On the other hand, defining the level of effort required for the enhancement of the aesthetic 

features will be dependent on the time of exposure that a car or bus passenger will have to the 

particular cut slope. From that time of exposure, we introduce the parameter Percent Aesthetic 

Enhancement (PAE) necessary to apply the particular road cut: 

 

                                                           
1 U.S. Department of Transportation, 2015, Guidelines for the Visual Impact of Highway Projects, FHWA-HEP-15-

029, Federal Highway Administration (FHWA): Washington D.C., assorted pagination. 

https://www.environment.fhwa.dot.gov/guidebook/documents/VIA_Guidelines_for_Highway_Projects.asp#fig31
https://www.environment.fhwa.dot.gov/guidebook/documents/VIA_Guidelines_for_Highway_Projects.asp#fig31
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The Percent Aesthetic Enhancement (PAE) is defined as the percent of mitigation required on 

an evidence of the construction technique. 100 PAE means full removal of the particular 

undesired feature while 0 PAE means no aesthetic treatment needed.  

 

The PAE is constituted as a quantitative assessment that defines the level of effort required for the 

enhancement of aesthetic features in the final road cuts.  It can be thought of as the tolerance of a 

machined part that will provide CDOT and the contractor with a measurable parameter for the level 

of effort required in the mitigation of, for example, blast hole traces, machinery marks, or slope 

warping. According to Cummings (2002), the most significant visual impacts are those that will be 

apparent for longer than 10 seconds, thus we will establish a 100 PAE for average exposure time 

(texp) equal or longer than 10 seconds. Using this definition, the PAE is defined as follows: 
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Where, the average exposure time (texp) relates to the time that a passenger of motor vehicle will be 

able to visualize a particular object or feature. Therefore, the general formula for calculating the 

PAE becomes: 
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Where, Dexp is the distance in feet along which the car is being exposed to the road cut, and V is the 

design velocity in miles per hour for that particular section of the road. The design velocity is 

usually determined a priori as part as the road design, however the exposure distance is affected by 

several parameters such as the vehicleôs viewshed and the surrounding topography. Figure 1 was 

extracted from the U. S. Bureau of Land Management, Visual Resource Management Program and 

shows the dynamic viewshed of a driver at different speeds.  

 

 
Figure 1. Dynamic viewshed for a vehicle driver (Ref.: FHWA-CFL/TD/11-002) 
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The faster a person moves, the smaller the area on which they are able to focus their attention. 

However, the dynamic viewshed for a passenger in a vehicle does not necessary correspond to the 

one experienced by the driver who looks straight at the road (Fig.1). For this reason, a cone angle 

of 100 degrees will be consider independently of the car speed in the PAE calculations. This cone 

angle captures the AVE of the whole vehicle rather than the AVE of the driver (Fig.2). Note that 

having a larger dynamic viewshed implies a larger exposure time to the scene or object. This time 

is primarily dependent on the topographic position, the car speed, and physiological limits of the 

human sight. Variable external parameters such as light or weather conditions will be neglected for 

the purpose of this work.  

 

 
Figure 2. Conservative dynamic viewshed for a motor vehicle 

 

Note: The PAE is applicable for dynamic viewsheds. According to FHWA-HEP-15-029, a static 

viewshed is defined as what can potentially be seen in 360° from a single view point. The presence 

of static viewsheds will be considered as a limiting factor and therefore a 100 PAE will be 

assessed.  

 

As it was previously mentioned, we must differentiate between short range and long range 

perspectives when establishing the visual prioritization. Thereby, the overall PAE must include 

both in order to determine the required type of blasting technique and/or post-blast aesthetic 

treatment. This is accomplished by calculating a Short-Range PAE (SR-PAE) and a Long-Range 

PAE (LR-PAE) if applicable. The SR-PAE captures the effect of the adjacent roads, however, in 

the presence of non-adjacent roads in the area of visual effect, the LR-PAE may be more 

restrictive. In general, we can consider two cases: 

 

ü If SR-PAE>LR-PAE Ą The main aesthetic priority must be the textural enhancements such 

as ledges, slope roughening, planting pockets, or boulder salvage. 

ü If SR-PAE<LR-PAE Ą The main aesthetic priority must be the slope variations and grading 

features.  

 

Figure 3 shows the flow chart for the calculation of the overall PAE considering the SR-PAE and 

LR-PAE. Next, we will illustrate how to perform the calculations using two separate examples.  
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Figure 3. PAE calculation flow chart 

 

In some situations, we may encounter non-adjacent roads in the Area of Visual Effect from an 

aerial perspective. However, the difference in elevation (or even the presence of vegetation or 

certain topographical features) can potentially remove the road cut from the Area of Visual Effect, 

hence eliminating the necessity of a Long-Range PAE. Although the overall PAE will be defined 

by either the Short-Range PAE or Long-Range PAE, both parameters are equally useful when 

deciding the aesthetic treatment required for a particular cut slope. 

 

 

PAE Calculation Example I: 

 

The following calculation example shows how to estimate the texp and the PAE in one of the road 

cuts located in Highway 285 at Parmalee Gulch, Colorado. The current slope includes a galvanic 

mesh that was installed after the design due to rock fall. The steps shown below apply for SR-PAE 

and LR-PAE, although for this example only the SR-PAE applies. 

 

1. Define the start and end points on the road where the slope enters the dynamic viewshed for 

both directions (West to East and East to West). This is done by drawing two lines 

perpendicular to the road at the beginning and at the end of the cut (dashed lines). Then, we 

draw two lines at 40 degrees from each of the dashed base lines and the intersection with 

the road marks our start (yellow) and end (green) points. Note that the location of these 

points depends on the direction of the vehicle. 
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Figure 4. Aerial view of HW285 at Parmalee Gulch, Colorado. The yellow and green markers 

represent the start and end points where the slope enters in the dynamic viewshed 

 

2. Measure the distance between the start and end points for both possible vehicle directions. 

The longer distance represents the most restrictive case and it must be the one used for the 

following calculations (in this case DW).  

3. Considering a speed of 65mph for that section of the Highway 285, the Percent Aesthetic 

Enhancement for the slope is: 
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The PAE value for this particular road cut is almost a 90% which reveals the importance of 

applying mitigation techniques on the final slope design in order to minimize the visual impact on 

the dynamic viewers. For example, in the presence of half casts, 90% of these traces should be 

remove from the final face. Ultimately, the PAE for this slope indicates that a vehicle traveling 

East will be exposed to the road cut for about 9 seconds. 

 

 

PAE Calculation Example II: 

 

The following calculation example shows how to calculate the PAE in one of the road cuts located 

in Highway 24 at Vail Pass, Colorado. In this case, we must obtain the SR-PAE and the LR-PAE 

due to the presence of non-adjacent roads and potential influence in the AVE. 

 

Short-Range PAE: 

 

1. Define the start and end points on the road where the slope enters the dynamic viewshed for 

both directions.  
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Figure 5. Aerial view of HW24 at Vail Pass, Colorado. The yellow and green markers 

represent the start and end points where the slope enters in the dynamic viewshed 

 

2. Measure the distance between the start and end points for both possible vehicle directions.  

3. Considering a speed of 30mph for that section of the Highway 24, the Percent Aesthetic 

Enhancement for the slope is: 
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Next, we proceed to calculate the LR-PAE due to the presence of non-adjacent roads in the Area of 

Visual Effect.  

 

 

Long-Range PAE: 

 

1. Define the start and end points on the road where the slope enters the dynamic viewshed for 

both directions.  
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Figure 6. Aerial view of HW24 at Vail Pass, Colorado. Note the presence of non-adjacent 

roads with potential impact in the PAE 

 

2. Measure the distance between the start and end points for both possible vehicle directions.  

3. Considering a speed of 30mph for that section of the Highway 24, the Percent Aesthetic 

Enhancement for the slope is: 
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In this particular case, both SR-PAE and LR-PAE have an almost identical value, thus the designer 

must initially consider a short range perspective and a long range perspective. However, the next 

step in the flow chart in Figure 3 is to consider the third dimension and see if the difference in 

elevation between both locations in the map is larger than the actual road cut height. This step is 

illustrated in Figure 7. 

 

According to Figure 7, the road cut height is approximately 60 feet but the difference in elevation 

between a vehicle and the road cut is about 270 feet. Therefore, the LR-PAE obtained before can 

be neglected since the road cut is not in the Area of Visual Effect. The overall PAE for this 

example is 75% and corresponds with the SR-PAE. 
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Figure 7. Three dimensional view of HW24 at Vail Pass, Colorado. Note the difference in 

elevation between the non-adjacent roads and the road cut 

 

 

Convex Curves vs Concave Curves: 

 

Another case to take into consideration is the presence of road cuts in road curves. In general, the 

geometry of a concave curve will be more critical from an aesthetic perspective since the vehicle 

will be directly facing the evidence of the construction technique (Fig. 8). 

 

 
Figure 8. Convex curve vs concave curve 

 

The type of curve and its aesthetic importance will be directly captured by the PAE where a 

concave curve will generate a higher PAE value than a convex curve. However, it must be 

remarked that the type of aesthetic treatment required for each can vary drastically. 
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Figure 9. Examples of convex and concave curves, and aesthetic measures 

 

In general, a convex curve will display a significant LR-PAE indicating that the visual 

prioritization corresponds with the long-range viewshed. This imposes the use of slope variations 

and grading features in order to mimic the cut slope with the surrounding environment. On the 

other hand, concave curves will be usually dominated by large SR-PAE values where the textural 

enhancements play a larger role.  
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B. Controlled Blasting Methods 

 

Controlled blasting techniques are used when there is a need to preserve the natural strength of 

rock walls formed by blasting. It is used for removing material along the final slope face. In some 

cases, controlled blasting is also used before production blasting to create an artificial fracture 

along the final cut slope, which will prevent the radial cracks caused by production blasting from 

penetrating back into the finished face. It creates less backbreak than production blasting because it 

removes less burden and uses more tightly spaced drill holes with lighter charges. 

 

A charge that completely fills a blast hole creates a large crushed zone that induce damage in the 

final face. However, when two closely spaced charges are fired simultaneously, the radial cracks 

tend to propagate equally in all directions until the two strain waves collide in the central point 

producing a central crack that connects the blastholes and decouple the final face from the 

production blast (Fig.10).  

 

 
Figure 10. Tensile crack between adjacent holes (Hustrulid, 2007) 

 

The pressure of the gases is a key element in the execution of contour blasting, and for this reason 

it should be maintained until the cracks of adjacent holes meet, which can be achieved by an 

adequate stemming height.  

 

There are several types of controlled blasting; they vary most importantly in the amount of burden 

they remove and the type of powder they use. The discussion below will focus on controlled lasting 

techniques that best minimize the visual impacts of the blasting process, thus meeting the 

objectives of CSS design. These techniques are presplit blasting, smooth blasting, and cushion 

blasting. In addition, an alternative blasting and a drilling will be addressed below.  

 

Presplitting is a protective measure to keep the final wall from being damaged by the production 

blasting. Presplitting utilizes lightly loaded, closely spaced drill holes, fired before the production 

blast, with the desired outcome to form a fracture plane across which the radial cracks from the 

production blast cannot travel. The fracture plane formed may allow for steeper slopes with less 

maintenance. Perform well in hard competent rock. Does not perform well in highly fractured, 

weak rock. 

 

Aesthetics: presplitting creates abundant visible drill traces. In some cases, these half casts 

can be chipped away with a pneumatic hammer, but it is difficult to eliminate them without 


